The aim of this study was to develop and test a generic framework to enable international collaboration for producing and sharing results of health technology assessments (HTAs). Methods: Ten international teams constructed the HTA Core Model, dividing information contained in a comprehensive HTA into standardized pieces, the assessment elements. Each element contains a generic issue that is translated into practical research questions while performing an assessment. Elements were described in detail in element cards. Two pilot assessments, designated as Core HTAs were also produced. The Model and Core HTAs were both validated. Guidance on the use of the HTA Core Model was compiled into a Handbook. Results: The HTA Core Model considers health technologies through nine domains. Two applications of the Model were developed, one for medical and surgical interventions and another for diagnostic technologies. Two Core HTAs were produced in parallel with developing the model, providing the first real-life testing of the Model and input for further development. The results of formal validation and public feedback were primarily positive. Development needs were also identified and considered. An online Handbook is available. Conclusions: The HTA Core Model is a novel approach to HTA. It enables effective international production and sharing of HTA results in a structured format. The face validity of the Model was confirmed during the project, but further testing and refining are needed to ensure optimal usefulness and user-friendliness. Core HTAs are intended to serve as a basis for local HTA reports. Core HTAs do not contain recommendations on technology use.
Development of the HTA Core Model
The task of Work Package 4 (WP4) of the European network for Health Technology Assessment (EUnetHTA) Project was to develop a multidisciplinary common core of health technology assessment (HTA) evidence (15;17) . This article provides an overview of WP4, with particular focus on the HTA Core Model, a framework to guide the production and reporting of HTAs. Another article discusses piloting the model and its applications in greater detail (23) .
Health technologies vary in their type or material nature (i.e., what they are) and application area or purpose (i.e., what they are used for) (22) . It is likely that different combinations of the type and application area require different things to be considered in an assessment. An assessment of a drug used for treating a disease most likely warrants different research questions compared with an assessment of a personal rehabilitation program. We built a model applicable in two situations: assessment of medical and surgical interventions and assessment of diagnostic technologies.
AIMS AND OBJECTIVES
We aimed at developing a framework that enables effective collaboration and sharing of information to overcome two main challenges of contemporary HTA: variance in the extent and scope of analysis, and differences in reporting the results. This could enhance the international applicability of national or regional HTA reports (1;5;10;11) .
We built on earlier work of the EUR-ASSESS and ECHTA/ECAHI projects and relevant textbooks (2;5; 12;13;16;18;21) . Instead of repeating methodological guidance already available, we aimed at the following: operationalizing the questions that should be asked and answered within HTA, providing an overview of state-of-the-art methodologies, and defining and standardizing the structure of the final product-the HTA report.
STRUCTURE AND METHODS

Structure
WP4 included twenty-four organizations from seventeen countries, led by the Finnish Office for Health Technology Assessment (17) . Multinational participation in teams and meetings ensured variability of views.
Results of our work can be found in the two models that were developed during the project, collectively referred to as the HTA Core Model. A model to assess medical and surgical interventions was first compiled, and subsequently a model to assess diagnostic technologies. Both applications were tested by producing and validating two actual assessments, the Core HTAs. Key instructions were compiled into a handbook (19) .
Working Method
Basic principles and working methods were discussed and agreed on in the Lead Partner's coordinating team and in the general design team. More detailed work was performed in several domain teams, each of which focused on one domain of HTA. Sixty investigators (three to ten per domain team) from twelve countries participated and thirty-four reviewers commented on the work. A coordinator and a primary investigator were appointed for each domain team. Experts within teams are listed elsewhere (10;11) .
Much of the work was accomplished through discussing and circulating draft documents over e-mail. Four general face-to-face meetings and some smaller meetings constituted an integral part of the work. Patient perspectives were discussed in two further meetings. Details of meeting topics and participants are available in WP4 Technical Report (7) .
Designing the HTA Core Model
The Core. Before developing any practical tools, we agreed on what the core of HTA would mean. It should include that which is most useful or significant to share between countries, regions, or other settings. We acknowledged that HTA could be perceived in two, mutually exclusive, ways that have a fundamental impact on how one perceives the core. First, one might perceive certain aspects of HTA, for example, those studying effectiveness or health economics, as being more significant than other aspects and consequently being closer to the core. On the other hand, one might argue that any aspect of technology might be crucially relevant when deciding on technologies. Hence, being in the core would not be a directly result from belonging to a specific domain (e.g., effectiveness or ethics); rather there would be a priority order within domains. These were illustrated by two alternative ways of splitting an onion ( Supplementary Figure 1 , which is available at www.journals.cambridge.org/thc2009001).
We chose to split the onion horizontally into rings, and regard each domain as equally valuable. Hence, we subscribed to the multidisciplinary nature of HTA, which with its wide scope provides decision makers with relevant information. We aimed to accomplish this by defining a collection of standardized issues that are considered in an HTA. Each issue can be either closer to the core (i.e., more significant) or further away from it. Domains, Topics, and Issues. We worked on the following nine domains originally defined in the EUR-ASSESS project (21) : Health problem and current use of the technology (implementation level); Description and technical characteristics of technology; Safety; Clinical effectiveness; Costs, economic evaluation; Ethical analysis; Organizational aspects; Social aspects; and Legal aspects.
A tenth domain was added for Accuracy of diagnostic technologies. Its somewhat controversial role is discussed below.
A domain is a wide framework, representing an angle from which to view the use, consequences, and implications of any technology. The domain teams were first asked to agree on a definition of the domain they were working on. The definition focused teams' efforts and provided indications of possible overlap with other domains. Next, the teams identified topics (more specific areas of consideration) within their domain and even more specific issues within the topics. One domain was divided into several topics. Issues within the topics were defined as even more specific areas of consideration in any of the topics. An issue was to be expressed as a question that would be used in defining the assessment protocol (Supplementary Table 1 , which is available at www.journals.cambridge.org/thc2009001).
The domain teams then formulated their work into assessment elements and element cards. Assessment Elements. The combination of a domain, topic, and issue was viewed as the basic unit of the model and labeled as an assessment element. It defines a piece of information that describes the technology, or the consequences or implications of its use, or the patients and the disease for which it is applied. In the context of clinical research, an element may describe a clinical outcome (e.g., reduction of symptoms), whereas in social science an element may describe the impact of technology on patient's life (e.g., ability to work). The nature of elements may vary across domains since the consequences and implications are understood and studied differently. Each element outlines a set of information that may be useful when deciding on the use or nonuse of technology.
As the number of possible elements of HTA is very large, we focused on elements that deal with context-independent (i.e., easily transferable) information, and elements that are particularly significant from the viewpoint of HTA (even if these would not be easily transferable). Hence, transferability and importance became key characteristics of the elements. Element Cards. We gave the conceptual assessment elements a more tangible format in the form of cards. Each element card describes one assessment element in more detail by indicating, for example, suggested research methodologies. The descriptions are generic in nature, that is, they are not specific to any technology. The cards can be used in relevant tools, for example, in information technology applications. Supplementary Table 2 , which is available at www.journals.cambridge.org/thc2009001, presents the content of the cards.
Teams defined and structured their domains, suggested suitable assessment methodologies, and developed assessment elements. They also considered the importance and transferability of each issue to define whether it belonged to the Core.
Piloting the HTA Core Model
Core HTAs. Each model was tested through conducting a pilot assessment. Technologies used for piloting were selected through a voting process that is explained in further detail elsewhere (7;23). We selected technologies that have broad relevance in the European context and that would allow an extensive testing of the models. When conducting the Core HTAs, teams first looked through the list of the assessment elements, considering whether each element is relevant for the technology to be assessed. If relevant, an answer to the issue question should be found within the Core HTA. If the model suggested an irrelevant issue, finding an answer could be omitted.
Next, the researchers converted relevant issues into actual research questions. (See Supplementary Table 3 , which is available at www.journals.cambridge.org/thc2009001, for examples.) The issues within the model present problems on a general level only; each research group needs to translate them into research questions. The Core HTA should provide answers to these questions.
The model guides researchers in selecting which aspect of technology, or its use, they should study. Research tradition and guidelines within each scientific domain steer the process.
The element cards provide guidance on how to answer the actual research questions. Particularly, the information sources field in the cards may contain useful suggestions, recommended research methodologies, or even common research standards if so desired ( Table 1) .
The Core HTAs were produced in parallel with developing and refining the respective models. The aim was an iterative process where the experience gained by answering the questions feeds back to the model. Details of the work are available elsewhere (10;11;23).
Validation
A triangulation process was used to ensure the validity of the HTA Core Model and the two pilot Core HTAs.
Producing Core HTAs provided first-hand experience of using the model. Each domain team thus could make necessary changes to the model.
Both models and core HTAs were formally validated through an online questionnaire. Members of EUnetHTA and INAHTA (International Network of Agencies for Health Technology Assessment) were invited to participate. While validating the HTA Core Model, respondents were asked to compare the model with one of their own ongoing projects or with a completed full HTA. Due to the large number of elements, respondents were asked to comment on three domains they had not worked on during the model development. Overall percentages from validation questionnaires were counted and themes from free comments were collected.
Feedback from a third angle was sought through a public consultation process using a standard feedback form. Some key validation results are available in this article and elsewhere (7;23). To discuss the challenges, primary investigators were asked to consider what were the most difficult aspects and greatest steps forward in developing the HTA Core Model.
RESULTS OF THE PROJECT The HTA Core Model
The HTA Core Model contains an ontology defining the information content in a comprehensive HTA and a new way to structure HTA information, and methodological guidance.
General structure. Assessment elements used in applying the Model are all drawn from the same pool of elements. Not all elements, however, belong to all applications. On the other hand, the element cards are applicationspecific. Hence, an element that provides information on the formal approval of technology may contain distinct definitions within different applications of the model.
Currently the domains contain three to eight topics divided into six to thirty-one issues. The intervention model contains 133 assessment elements while the diagnostic model contains 153.
Characteristics and Relationships of Domains.
A natural way of starting an HTA is to describe the technology that is under assessment, relevant health problems and alternative technologies. This lays the foundation for further domains that are commonly considered in HTAs: evaluation of the effectiveness, safety, and economic aspects. These three domains often use the PICO structure, defining in detail the population (P), intervention (I), comparators (C), and outcomes (O). Only outcomes are domainspecific.
The remaining four domains-ethical, organizational, social, and legal aspects-also often focus on defined patients and interventions but differ in the way they frame their elements. Organizational and social aspects map the challenges, resources, possible actions, and consequences of using the technology. The legal domain relies on legislative documents in each context. In ethical analysis, all relevant stakeholders must be defined to consider their viewpoints on using the technology. Ethical thinking also should be integrated into the entire HTA process, to ensure that key ethical principles are considered and respected (24) .
Overlapping Issues. We discovered that the issues discussed within various domains occasionally sound very similar. The same may apply to issues that belong to the same domain, but under different topics. We allowed similar issues across the domains in the Model under the following condition: If two issues that look similar at first glance are genuinely different, that is, they would be analyzed differently within two different domains/topics, they constitute two separate assessment elements. However, issues largely perceived and analyzed similarly within both domains/topics would constitute a single assessment element common to both domains/topics. Inclusion in the Core. Not all elements defined in the ontology belong to the core. We decided to include an element in the core based on two basic characteristics-its transferability and importance.
Transferability was an obvious factor to consider: any information specific to a particular context (e.g., region, country, healthcare system) would seldom be useful in other settings. Fully or partly transferable information might instead provide valuable input beyond its original production location.
Importance was considered to ensure that the core is sufficiently robust, containing significant information from the viewpoint of HTA. Issues perceived important from the viewpoint of HTA are often useful also in making policy decisions, but importance considered here is not equal to relevance for a particular policy question.
Importance and transferability are independent of each other. Issues that are very important to consider may contain data that are only partly transferable to other settings. Likewise, easily transferable issues are not always significant from the viewpoint of HTA.
Inclusion in the core is defined according a Core Matrix ( Table 2 ) that divides assessment elements into core elements and noncore elements. A third, borderline category was used during the development process. Between 44 percent and 88 percent of the assessment elements in the domains were regarded as Core Elements in the early drafts of the Model, while the majority of the rest were of borderline category, and only a few of the noncore category. In the final Core Matrix, most elements in the borderline category were suggested to be included in the core.
Domain Methodologies. Domain teams refrained from specifying HTA methods further than recommending state-of-the-art methods. The ethical domain describes several alternative methods, to be selected and tailored by topic and organization. Domain teams working on organizational and social aspects preferred the translational model over diffusion model for understanding development and diffusion of technologies (20) . The translational model presumes technologies undergo changes when applied in specific environments. Hence, it is essential to consider which resources a new technology utilizes and how these are affected by the technology.
Systematic reviews are not necessary for all domains; for example, reviewing all current indications of a technology such as MRI scanning would be a vast and useless effort. Instead, information could be gathered from available secondary studies (HTAs, guidelines) until no new indications appear.
Principles for the Use of the HTA Core Model
We considered various uses of the HTA Core Model and agreed that the primary use should be the production of Core HTAs. This comprehensive and multidisciplinary assessment is conducted using the HTA Core Model and has considered all core elements. It contains a summary of findings in each domain, but refrains from giving recommendations on using the technology. Through its wide scope, focus on core elements, and summary chapter, a Core HTA offers an overview of a technology that is likely to be useful in the European context. A Core HTA can be used as a basis for producing local HTA reports that take into account local circumstances, for example, epidemiology, organization, resources, and values.
An alternative, secondary, use would involve a more liberal selection and use of various assessment elements, perhaps from only one or a few of the domains. The needs and interests of the user define the extent of analysis.
Both the Core HTAs and more liberal use of the HTA Core Model result in a pool of Structured HTA Information that can be used for local HTAs. The HTA Core Model and the resulting Core HTAs and local HTAs were collectively designated as the Core HTA Structure (Figure 1) . Other uses for the HTA Core Model were presented during the EUnetHTA Project, that is, using the Model for extracting data from existing HTA reports and for educational purposes. These applications are worth considering in the future.
Applying the Model: The Core HTAs
Two assessments were conducted using the HTA Core Model, one on drug-eluting stents and another for multislice computed tomographic angiography. These aimed at testing the model and providing feedback for model development. Hence, they are not intended for actual decision making. Due to the relatively long production process, the up-todateness of their content at the time of publishing could not be guaranteed. Details on the Core HTAs and their production process are available elsewhere in this journal and in respective documents (8;9;23).
Validation
Eight general questions were used during validation to gauge the overall feasibility of the HTA Core Model. Most respondents (≥80 percent) agreed or strongly agreed with seven of these, supportive of the current Model. Agreement was less strong concerning the process for conducting Core HTAs. Even here, most respondents still supported the design. Strong disagreement was recorded for only three questions regarding the intervention model, representing only 4 percent of responses to those questions ( Table 3) .
Validation of the two models contained also more detailed questions regarding each domain and the assessment elements. Two to nine persons provided feedback on each domain. They were rather satisfied with the domains, with most criticism in the domains of ethical analysis, social aspects, and safety. More practicality was called for in domain descriptions and more detail on methodology. The overlap of issues and variety in the detail of definitions raised concern. Eleven respondents used an ongoing or recently published HTA project to test the individual assessment elements of the first draft of the intervention model. In these projects, 58 percent of the suggested assessment elements were discussed, with wide variation across domains. The domains for ethical analysis, as well as social and legal aspects were seldom included in actual HTAs. The feedback on the intervention model induced substantial changes in three domains (safety, social, and organizational). The second validation round (on the diagnostic model) brought positive feedback from nearly all respondents, and led to the removal of some overlapping issues.
Handbook
The Handbook (19) is in an online format containing three sections. The introduction presents the basic principles of the HTA Core Model. The second section provides practical guidance on using the Model to produce a Core HTA, written primarily for users of the online HTA Core Model-an electronic tool that is under construction. The third section contains methodological guidance for finding answers to research questions of the Core HTA.
The relatively brief Handbook connects with more extensive materials that are part of the HTA Core Model. For instance, the Handbook gives an overview of domain descriptions, but users can easily access the more extensive domain descriptions in the Model.
DISCUSSION
The HTA Core Model is a new tool to foster a collaborative way of assessing health technologies, aiming at promoting international use of HTA results and avoiding duplicate work. It is still in a paper format, but an online system that provides users with an easy-to-use interface to the Model and its applications is being built. An electronic version can also be used for educational purposes.
The HTA Core Model employs a broad and comprehensive perception of HTA. A clear advantage is the inclusion, definition, and framing of often forgotten areas: ethical, social, organizational, and legal aspects. Development and use of the HTA Core Model may allow these research perspectives to become more commonplace in HTA-bringing HTA back to its roots in 1970s and closer to its definition (2;3;17).
Globalization of healthcare interventions challenges HTA institutions to develop methods to share their assessment work and results. Future HTAs based on the HTA Core Model can probably be more easily utilized in another region or country. This was a key goal of the EUnetHTA Project: to increase opportunities for sharing information through clear, structured Core HTAs. A description of the content of Core HTAs will enhance the use of available HTA pieces-be they completely new HTAs with prospectively produced content or existing HTAs from other settings.
Domains of HTA.
The domains apply several research methods, mostly utilizing standard evidence-based approaches. The systematic literature review remains the main methodology for most domains. When reliable randomized clinical trial data are missing, other types of study designs should be considered, for example, register studies and surveys. The preferred or most suitable methodologies vary widely between the assessment elements. In general, the HTA Core Model respects state-of-the-art research methods within any of the domains.
Use of the HTA Core Model requires a basic understanding of various research paradigms. The traditional diffusion model of the positivist research paradigm applies in defining and answering questions on clinical effectiveness, safety, accuracy, and cost-effectiveness. In contrast, the translational model of the interpretative research paradigm is more useful in mapping contextual factors, describing stakeholder experiences of ethical, organizational, and patient issues, and understanding barriers and facilitators of implementing technologies (14) . Although transferability is a key characteristic of core information as defined by the HTA Core Model, implementation of any technology may require further translational data on environments where the technology will be used and on the people using it.
Due to overlap between domains, cooperation between domains will be needed when conducting HTAs, particularly if people working on the domains are not the same. Domain analyses seem to benefit from being done in a certain order. This was not obvious at the outset, complicating the Core HTA process in this project. For example, economic modeling requires information on the effectiveness, use, and safety of the technology. Ethical analysis utilizes perspectives from other domains in analyzing ethical implications and perspectives. Furthermore, ethical analysis should be tightly integrated into other domains already when framing the research questions (24) .
The need for a separate domain for accuracy of diagnostic tests was subject to intensive discussion. Issues considered within accuracy are closely related both to description and technical characteristics of technology and clinical effectiveness. Because accuracy has its own particular properties, we started with allocating a separate domain for it. As a result of many conceptual discussions and practical feedback, we decided to include it as a topic within the clinical effectiveness domain. This choice was not straightforward in conceptual terms, but allows a more contained basic structure of the Model.
Role of Core HTAs. Core HTAs collect and analyze the information on technologies from several angles, providing a foundation for local considerations and informed decisions. Core HTAs are not meant to replace national HTAs, which cater better to local circumstances and needs. Neither is the intention to supersede national or local decision making through supranational recommendations on technologies. This is why Core HTAs do not contain policy recommendations.
Standardization.
We have explicitly avoided focusing too much on research methodologies; there is no need to rewrite the guidance available in textbooks and methodology guides. Instead, we aimed at writing overviews of methodological guidance to assist practical HTA work, referring to existing sources. The HTA Core Model has an element of standardization as regards the information structure of an assessment; even this may raise some opposition, but we believe its benefits far outweigh its restrictions.
Element cards enable the use of standards in performing HTAs. It is possible, for instance, to define that the records of the European Medicines Agency (EMEA) and the U.S. Food and Drug Administration (FDA) should be searched regarding the approval status of a given technology. In the current versions of the models, such guidance takes the form of recommendations or suggestions. Stricter standards require policy discussions within the future Collaboration.
We did not want to interfere with local HTA processes. The only process guidance can be found in the introduction of the model and addresses the ethics of HTA (10;11) . That guidance in our view is not standardization, but a guideline for ethical conduct while doing HTA.
Generic Flexibility. The extent and level of detail in an HTA depend on the technology being assessed. These are considered when applying the HTA Core Model to a single HTA. The process of considering the relevance of each assessment element and translating the relevant issues into practical research questions is meant to ensure that the model adapts to various situations without losing its generic nature. Reasons for excluding elements from an analysis should be recorded in the report as they may provide useful information for report users.
Reporting. The HTA Core Model provides assessments with a common structure for presenting the findings. Various domains, topics, and issues can be used as headlines in a traditional report. The structure also enables storage of the assessment in electronic databases and supports applications for combining and analyzing HTA results. A pilot system is under construction.
Informatics. Recent developments in informatics,
particularly the Semantic Web and structuring information have been considered when building the Model (4) . In our era of information overload, it is essential to assign meanings to produced information for easier retrieval with high sensitivity and specificity. This aspect of the Model enables future development in HTA implementation, for example, in the context of decision-support systems and clinical practice guidelines.
Core or Not-Core? . Including assessment elements in, or excluding them from, the core is driven by usability of the information across national borders or other contexts. An element outside the core can be important and worth considering in an HTA. Again, important but nontransferable assessment elements are excluded from the core, but such elements may provide useful or even critical information. To guide decision making, they need to be addressed locally by individual HTA agencies.
Several domains contain important issues of limited transferability. The domain teams were concerned about the possible exclusion of these issues from the Model. During the project, however, a borderline category was created for issues that were important, but only partially transferable. The intention here was to define the role of these elements at the end of the project, when the number of each importancetransferability combination would be known. The current final version of the Model excludes only few combinations of importance and transferability ( Table 2 ). Further piloting of the Model will further clarify the core status of elements.
Judging transferability and importance by group consensus was not straightforward. However, the exercise helped identify further discussion topics. The current judgments of importance and transferability represent an "educated guess" to be revised when experience with Core HTAs is gained.
True Collaboration in Challenging Circumstances. Development of the HTA Core Model was a difficult and time-consuming process. Opportunities for face-toface meetings during the methodological work were limited. Teams in many domains were active and mutually supportive, making the development process a real European cooperation. Some Domain teams had difficulties engaging people to comment or contribute, leaving the primary investigators to carry much of the workload. Many investigators carried on from the first to the second Model, creating continuity.
The assessment element approach required a true cultural change from the traditional HTA report to a set of assessment elements in the HTA Core Model. All Domain teams first struggled with the concept of small, independent pieces of information in a database. During the process, teams agreed that the information structure could be useful and relevant for the assessment process, even if some issues had never been reported in their traditional HTA reports. Using the traditional structure would have risked missing these issues. Defining assessment elements became easier as the teams became more familiar with the approach and accepted the concept of the new Model.
Language barriers were detected among those who were not native speakers of English language. Although it was agreed that many languages could not be used concurrently while performing an assessment, the Core HTAs as end products could be translated into different languages.
Face-to-face meetings were important when designing the model and conducting Core HTAs. Future European collaboration should encourage cooperation to facilitate progress.
Validity and Future Development. The products probably require further refinement, as many new concepts and methods have been introduced. The formal validation process and public feedback provided valuable comments and identified development needs. Most feedback was positive and supportive of the model, affirming the face validity of the approach. Further piloting of Core HTAs, free from the pressure of developing a novel model, will reveal the true value of the system. The availability of an online version will enable changes that increase user-friendliness and usability. Much work remains to be done by future EU-netHTA Collaboration.
The current HTA Core Model needs further development to ensure optimal usefulness. The level of detail and scope of the assessment elements, and consequently the granularity of the Model across domains varies. Terminology and definitions require further harmonization and standardization, and a sustainable solution is needed on issues that overlap different domains.
The categories of assessment elements (core/not-core) originate from consensus processes in domain teams. Importance and transferability were reconsidered during validation. Further testing may necessitate changes in the categories, so the role of the elements may still change. We intend to follow a robust development policy in future EUnetHTA Collaboration, managing versions of the HTA Core Model properly. Readers of Core HTAs should be able to check which version of the model was used for assessment.
It was not a surprise for us that the domains for ethical analysis and social aspects were not agreed on as often as other domains. Within these domains, research methodology in the healthcare context is not yet well established and, hence, differences of opinion are more likely to exist. These domains are subject to more cultural and social differences than the more prevalent domains.
The current applications for medical and surgical interventions and diagnostics do not cover all technologies. Other applications will surely be needed, for instance, for screening technologies or administrative support systems. Our experience in developing two applications suggests that they largely overlap. Hence, new applications can build on earlier work.
A Community Trademark has been applied for to protect the HTA Core Model. Terms of use have been published by the EUnetHTA Collaboration.
